It is well-known that the flapping sound of owl wings is much less than that of other birds. Fine serrations equally spaced apart is found at the leading edge of the primary feathers (remiges) of owl wings, and seems to produce the silencing effect. Paying attention to the owl's posture during capturing games, the author discusses that the effect of serrations brought changes of the aerodynamic characteristic of a wing besides damping sound. By attaching jigsaw blades with different numbers of cutting teeth imitating serrations at the leading edge of a laminar wing, the aerodynamic characteristics of an airfoil were measured and the flow field around the airfoil was also visualized. The author comes to conclusion that lift force is maintainable at larger angle of attack than the prototype wing in low Reynolds numbers.
Introduction
It is well known that the flapping sound of owl wings is much less than that of other birds. The owl has broad large wings with a small aspect ratio as compared with its body. Therefore, there has been an opinion that flapping sound decreases as a number of flapping decreases. Many nocturnal owls have a fine saw blade-like front tip at their tenth primary remiges (flight feathers). It is called serrations which has minute teeth at regular intervals shown in Figs.1. It is a very unique feather which cannot be seen with other birds. Soderman, Ref. (1) , investigated this silencing effect of a rotor blade with saw blades stuck at the leading edge. In about 3.18~5.5×10 6 of Reynolds number based on blade chord length and circumferential velocity, they reported that noise decreases. Similarly, Hersh et al., Ref. (2) , checked an effect of damping sound of the rotor blade similarly arranged as Soderman did and reported the change of noise frequency. Arndt et al., Ref. (3) , reported the change of wing load and propulsive efficiency while confirming the sound damping effect of the saw blade-like rotor in Reynolds number 10 7 . However, they reported that it was not desirable compared with prototype wing. Each of their serrated strips was screwed to the airfoil lower surface with bases tangent to the surface like vortex generator on the leading edge. The author directed his attention to owls' postures accompanied by a large angle of attack at a time of catching their prey. Because the serrations seemed to affect on not only the damping sound but on the airfoil characteristic, the change of the airfoils characteristic and the flow field was measured by mounting jigsaw blades with the numbers Vol. 4, No. 1, 2009 of cutting teeth imitating serrations at the laminar wing leading edge. In this study, the jigsaw blades were implanted into the leading edge like serrated feather on an owl wing.
Methods
A low turbulence wind tunnel was used in the experiment. The wind tunnel test section had a square cross section with 380mm in height and width. The flight feathers, called remiges, near an owl wing tip had a configuration like a shape of a saw blade as shown in Figs.1. The remige of Bengal Owl shown in Fig.1(a) had 250mm in total length, the pitch , where smoke lines could be well organized.
Results and Discussion

Characteristics of Aerodynamic Force
The specification of the lift coefficient C L at U= 2.0m/s (Re=2. Especially, the C L pattern of serrations 28 is larger than the pattern of the serration 0 up to the angle of attack of 23 degrees. In higher Reynolds number, Re=2.1×10
5
, no difference is seen among the different shapes of the leading edge. That is, fine serrations in low Reynolds number has brought about the difficulty of the flow separation at the leading edge at the high angle of attack. The reason of this phenomenon will be discussed in the section of the flow visualization. When owls swoop down on their prey, they control their descending speed by spreading their wings out. Although the angle of attack α becomes high and the descending speed for landing is low, fine serrations prevent stalling in such a low Reynolds number.
Therefore, the phenomenon mentioned above shows that the C L has the strong Reynolds number effect. If we pay attention to the serrations 28, it turns out that a fine shape of the serrations is similar to that of the actual owl shown in Figs. 1 .
While, in case of Re=2.1x10 5 , large inclination of the lift forces is seen at the angles of attack at more than 30 degrees in any airfoils. The aspects of flow in the suction side should be different from Re=2.1x10 4 where it does not occur. It is considered that separation and reattachment takes place from the leading edge in this case. Although it is not related to the serrations effect of this investigation, this is also called Reynolds-number effect. Concerning the C L characteristics of the low Reynolds number case in Fig. 6(a) , the profile of C L of the serrations 20 and 28 at the angle of attack α= 19 degrees is higher than that of the serrations 0 and 16 . Flow separation from the leading edge is seen in Fig. 8(a) and (b) which corresponds to the case C L drop in 19 degrees. However, flow separation and reattachment is seen on the serrations 20 shown in Fig. 8(c) , no separation until the smoke reaches around the center of the chord of the aerofoil is seen on the serrations 28 indicated in Fig. 8(d) . As mentioned above, in a low Reynolds number, it turned out that flow separation controlled on the suction side of an airfoil is performed by the fine serrations on . He resulted that the finer serrations, when properly placed on the airfoil, created vortices that increased maximum lift and angle of attack for maximum lift. However, in his experiment, some serrations did not improve the lift efficiency like this investigation, the effectiveness in a low Reynolds number was found against such serrations as were not effective with the high Reynolds number in this study. Such a phenomenon in a low Reynolds number is important for solving the bio-functions. When the serrations attaching to the leading edge also has the same effectiveness as vortex generators arise at a certain degrees of angle of attack. That is, fine serrations brought about fine longitudinal vortices on the suction surface of the airfoil, and that the turbulent transition was brought on the suction surface of the airfoil to delay the separation point by the fine longitudinal vortices. At high angle of attack, even in a low Reynolds number where the leading edge separation occurred with the original airfoil, flow separation could be controlled by fine serrations at the leading edge. Moreover, it turned out that serrations density influenced airfoil characteristics in low Reynolds number in these experiments. Therefore, in the case of owl wings, the serrations of an owl produce the effectiveness of maintaining high C L like the condition as serrations 28. When Reynolds number is low and the angle of attack is high, the serrations bring fine longitudinal vortices over the airfoil suction surface, and the magnitude of the longitudinal vortices is influenced by the number of teeth of serrations.
Smoke Tunnel Visualization Experiment
Conclusion
Serrations at the leading edge of owl wings were imitated by jigsaw blades attached onto an airfoil for the experiments, and the aerodynamic characteristics of the airfoil with serrations were measured. The flow field around the airfoil was visualized in a smoke tunnel.
The aerodynamic characteristics have a strong Reynolds number effect and the effectiveness of the serrations appears notably in a low Reynolds number. Moreover, lift characteristics improves with fine serrations in a low Reynolds number and flow separation on the suction side is controlled by fine serrations at an angle of attack where the flow detached with the serration 0.
